ever, the photographic density of the two radiographs would be dissimilar if one individual possessed greater radiopacity than the other. One individual may possess greater radiopacity by virtue of his thicker tissues, because the x-ray absorption of a given material increases in a certain manner with its thickness.
A second reason for the greater radiopacity of certain individuals lies in the possibility that, even for equivalent thicknesses, their tissues may exhibit higher x-ray absorption. To test these possibilities and to locate as closely as possible the site of the additional radiopacity, it is convenient to measure as a unit the combined thicknesses and radiopacities of first, the skin with its pigmentation, the soft tissue and mucosa of the cheek or lip, and second, the alveolar process with its buccal and lingual mucosal coverings, buccal and lingual cortical plates, and bone marrow and trabeculae.
Measurement of Radiopacity.-The radiopacity of a given structure can be determined experimentally by measuring how much of -the incident x-ray radiation is stopped in traversing the measured thickness of the structure. It is a simple matter to use a caliper for measurements of thickness, whether they be of the tissues of the jaws, cheeks, or lips, but the measurement of the x-ray absorption by these same living tissues is more difficult. A direct method for measuring the radiopacity of the soft and osseous tissues would be to use a roentgen meter with an ionization chamber for measuring the actual intensities of the radiation before and after traversing the tissue under investigation. Certain technical difficulties arise when this direct method of measurement is employed. An indirect method has proved to be more practical for measuring the radiopacity of the soft and osseous tissues. Step-wedge shown diagrammatically.
When a beam of x-rays is directed at a sheet of metal,.some of the radiation is absorbed and some is transmitted through the sheet. The intensities of the incident and transmitted radiation can be measured with a Victoreen r-meter. The percentage of the incident radiation absorbed by the sheet of metal is a function of the thickness and mass absorption coefficient of the metal and is independent of the exposure. A second similar sheet of metal laid partially over the first would, due to the combined thickness of the two sheets of metal, absorb a higher percentage of the incident radiation. Additional sheets of metal would increase further the absorption of the incident radiation. Such a staggered array of metallic sheets is shown diagrammatically in Fig. 1 , and it is called a "step-wedge."
The step-wedges used in this investigation were made of an aluminum alloy consisting of 93.6 per cent aluminum, 4.4 per cent copper, 1.5 per cent magnesium, and 0.5 per cent manganese. Pure aluminum would have been more desirable, but it was not available at the time the equipment was constructed. Fig. 2 If an unknown substance or tissue of measured thickness were radiographed on the same film with the step-wedge, each object would be exposed for the same length of time and each would produce an effect upon the film in accordance with its individual radiopacity. Similar photographic response or film blackening would result from similar transmitted x-ray intensities reaching the film. Therefore, the radiopacity of the measured thickness of unknown material could be determined by locating a photographic density or film blackening caused by one of the steps of the step-wedge which corresponds to the film blackening caused by the unknown material. The radiopacity of this aluminum alloy step is then the radiopacity of the measured thickness of unknown material. Bone scatters x-radiation to the same extent as does aluminum, whereas water or soft tissue scatters more than either. If only bone were to be investigated, pure aluminum would be the ideal material for constructing the step-wedge, but this step-wedge would not be accurate for work with soft tissue. Since soft tissue scatters a larger proportion of the x-radiation than does aluminum, more scattered radiation from the soft tissue than from aluminum would reach the film and the soft tissue, therefore, would appear to be less radiopaque than it really is. Regardless of these difficulties, the step-wedge made of aluminum alloy can be used under certain conditions to compare the relative radiopacities of individuals.
A series of tests was made on a dried mandible to determine the range of conditions under which the penetrometer would yield consistent results. In these tests the primary voltage, exposure time, and developing time were varied independently to determine their effect on the constancy of the radiopacity of the specimen. The results of these tests indicated that the radiopacity of the specimen, measured in terms of equivalent thickness of aluminum alloy, remained constant for the following range of conditions: primary voltage, 110 ± 4 volts; exposure time, 21/2 1/2 seconds; and developing time, 3 ± 1 minutes.
EXPERIMENTAL PROCEDURES
The soft tissue penetrometer (Fig. 4) is positioned with its bite-block (A) retained between the maxillary and mandibular right premolars. Stationary caliper tip (C) contacts the lingual surface of the lip and compression spring (F), collapsed against movable caliper tip (D), contacts the exterior surface of the lip. The lip thickness is indicated at (E). A 14-inch focal skin distance is used with the rays directed perpendicular to the film. The lip does not cover the penetrometer at (B). After the film is exposed at 110 volts (63 KVP) and 10 milliamperes, it is carefully processed in fresh solutions according to the time-temperature method.
The osseous tissue penetrometer (Fig. 3) is positioned in the mandibular right premolar region with its bite-block (A) retained between the maxillary and mandibular premolars. Stationary caliper tip (C) and movable tip (D) contact the lingual and buccal mucosa, respectively, over the region situated between the roots of the premolars. A small cotton roll is used under the biteblock to prevent the tips of the caliper from extending too deeply into the mouth. The thickness of the mandible is indicated at (E). A 14-inch focal skin distance is used with the x-rays directed perpendicular to the film. The lip covers both movable tip (D) and step-wedge (B). After the film is exposed at 110 volts (63 KYP) and 10 milliamperes, it is carefully processed in fresh solutions according to the time-temperature method.
It is impossible visually to compare the photographic density caused by the alveolar process with the photographic densities caused by the individual Cotputation of' 7> st Results. It is uncommon to find the aTerage p)l1oto-g-raphic (lensity-of th-le test area to be exactly equal to the plhotog-raplhie density under an1\x one steel) of thle ste)-wedg.e so matlhematical interpolation must be used Jirequently. _.An examl)le of the process of inter)olation is presented. By this process it has been determined that 0.34 mm. aluminum alloy would produce the same photographic density as 4.5 mm. of lip tissue. Their radiopacities would be similar, subject to the qualifications stated previously.
The test radiograph of osseous tissue shown as Fig. 6 was made of an individual whose mandible measured 8.0 mm. in thickness. The photographic density of the test area of osseous tissue measured 0.815 density units. The photographic densities of the two standard steps which correspond closest to that of the osseous tissues follow:
Step 4 8.0 mm. of osseous tissue
Step The radiopacities of two individuals who have tissues of similar thicknesses can be evaluated by comparing their equivalent thicknesses in aluminum alloy or by comparing the amount of x-radiation each transmits. The chart in Fig.  2 is useful for translating the thickness of aluminum alloy into percentage of transmitted x-radiation. In the example for soft tissue the equivalent thickness of alloy was 0.34 mm., which allows 58 per cent of the incident x-rays to be transmitted through it. The 3.36 mm. alloy equivalent of the osseous tissue would allow 9.2 per cent of the incident x-rays to be transmitted through it.
Original Data.-Radiopacity measurements of the lip and mandible were made of Caucasian males and females with an age range of 10 to 80 years. Some of the individuals were large boned, others thin boned, some had lean faces and others obese, but the Tables II to VI. The trend as shown in Table III is highly significant because a factor of 8 times the standard error equals the trend, whereas only a factor of 3 is considered necessary to indicate statistical significance. .EuZ zz.
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ZQ. The trend shown in Table IV is significant because 3 times the standard error equals the trend. A factor of 3 is considered sufficient for statistical significance.
The trend as shown in Table V is not quite significant because 21/2 times the standard error equals the trend. A factor of 3 is considered the minimum to indicate statistical significance in this study.
The trend shown in Table VI is not significant because the standard error equals the trend. Only when at least 3 standard errors equal the trend is the trend statistically significant.
The data regarding the radiopacity of the soft tissue were analyzed in the same manner as the data for the osseous tissue. A line of regression was determined for the soft tissue (Fig. 8) 
CONCLUSIONS AND APPLICATION OF RESULTS
The various lines of regression for the different categories of patients are plotted in Fig. 9 . The positive slopes of the lines in this graph indicate the radiopacity of the mandible increases with thickness of bone. It is of interest to note that the radiopacities of the individual of lean facial type and of patients aged 50 years and older increase very rapidly with increasing thickness of bone, whereas those for individuals of the obese facial type and of children aged 15 years and younger increase much more slowly. The radiopacities of the average facial type of both male and female were found to vary widely between the two lines which pertain to the lean and obese facial types.
Visual examination of the radiographs produced of patients whose mandibles transmitted 6.4 + 1.6 per cent of the x-radiation incident upon them indicated that standard exposures can be given these patients when 63 KVP and 10 ma. are used. Some overexposure or underexposure of the film can be tolerated and will still result in a good radiograph because of the exposure latitude possessed by the radiographic film. Two horizontal lines are drawn across the graph in Fig. 9 Measurements of radiopacity were also made on a limited number of Negro and Chinese patients. In general, the relationships between the categories of patients were similar to those presented in Fig. 9 for Caucasian patients, but in both the Negro and Chinese groups some extremely high radiopacity values were encountered. Higher voltages than are now available with conventional dental x-ray units would be necessary adequately to penetrate such radiopaque individuals. The average thickness of mandible for the small Negro group was greater than that of the Caucasian group. The radiopaeitv of the lip tissue increased with thickness of tissue but appeared to be independent of age, sex, facial type or race. Therefore, the skin with its pigmentation and the soft tissue and mucosa of the cheek or lip are not the factors which account for the wide variations found in the appearance of comparable radiographs of individuals. The factors which cause one individual to be more radiopaque than another are contained in the alveolar process. These factors are possibly the over-all thickness of the bone, the thickness of the lingual and buccal cortical plates, and the size of the marrow spaces and the thickness of the trabeculae of the bone.
In addition to the use of the osseous tissue penetrometer for solving radiographic problems, it has been useful in determining the response of bone, measured as radiopacity of bone, to stresses introduced by partial denture appliances. Radiopacity measurements were also made monthly on one young woman for a portion of her term of pregnancy and changes in the mandible were demonstrated. It is possible that future applications of the penetrometer in modified form lie in the fields of endodontia, oral surgery, and orthodontics. SUMMARY Two penetrometers are described which permit the measurement of the radiopacity of the soft and osseous tissues of the lip and mandible. Data are presented which indicate how the tube voltage should be changed to produce radiographs of uniform density on a variety of types of patients. Additional uses for penetrometers also are listed.
